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NOTICE: The project that is the subject of this report was

approved by the Governing Board of the National Research
Council, whose members are drawn from the Councils of the
National Academy of Sciences, the National Academy of Engi-

neering, and the Institute of Medicine. The members of the
committee responsible for the report were chosen for their
special competences and with regard for appropriate balance.
This report has been reviewed by a group other than the
authors according to procedures approved by a Report Review
Committee consisting of members of the National Academy of
Sciences, the National Academy of Engineering, and the
Institute of Medicine.

The National Research Council was established by
the National Academy of Sciences in 1916 to associate the
broad community of science and technology with the Academy's
purposes of furthering knowledge and of advising the federal
government. Tne Council operates in accordance with general
policies determined by the Academy under the authority of its
congressional charter of 1863, which establishes the Academy
as a private, nonprofit, self-governing membership corpora-
tion. The Council has become the principal operating agency
of both the National Academy of Sciences and the National
Academy of Engineering in the conduct of their services to
the government, the public, and the scientific and
engineering communities. It is administered jointly by both
Academies and the Institute of Medicine. The National
Academy of Engineering and the Institute of Medicine were
established in 1964 and 1970, respectively, under the charter
of the National Academy of Sciences.

This report represents work supported under
provisions of Contract DTCG23-84-C-20005 between the National
Academy of Sciences and the U.S. Coast Guard, acting for the
Ship Structure Committee.

' This document is disseminated under the
sponsorship of the Department of Transportation in the
interest of information exchange. The United States
Government and the Ship Structure Committee assume no
liability for the contents or use thereof.
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ABSTRACT

The Committee on Marine Structures (CkS) of the Marine Board of
the National Research Council provides technical services covering
planning, review, and advisory relationships to the interagency
Ship Structure Committee (SSC), composed of representatives from
the U.S. Coast Guard, the Naval Sea Systems Command, the Maritime
Administration, the American Bureau of Shipping, the Military
Sealift Command, and the Minerals Management Service. This
arrangement requires continuing interaction between the CMS and
the SSC to assure an effective program to extend knowledge of
materials, loading, response, design, fabrication, and inspection
as related to marine structures. This report contains the CMS'
recommended research program for five years, fiscal years

A 1984-1988; 12 project descriptions for fiscal year 1985; and a
brief review of 18 active and six recently completed projects.
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INTRODUCTION

This report, the latest in the series of the Committee on
Marine Structures' (CMS) annual reports, outlines a five-year research
planning program, sets forth recommendations for the interagency Ship

Structure Committee's (SSC) fiscal year (FY) 1985 research program and
reviews the SSC's research activities for FY 1984. The report
contains four sections. This white section, the introduction,
summarizes the program-related considerations and recommendation for
the five-year research program plan and the plan itself. The green
section presents the FY 1985 project recommendations. A review of
active and pending projects comprises the yellow section, and the blue
section reviews completed projects. The objective of the research
program is to improve the hull structures of ships and other marine
structures by an extension of knowledge pertaining to design, materials
and methods of construction. The organization and operation for this
activity of the CMS is described in the appendix.

The FY 1983 annual report contained a discussion linking the
materials-design-fabrication triangle to the properties-stress-flaw -

size triangle. The FY 1984 annual report contained a recommendation
that the SSC increase the scope of its planning to include offshore
platforms.

This year, a steering committee, under the auspices of the
CMS, held a Design-Inspection-Redundancy Symposium in Williamsburg,
Virginia, and achieved substantial interdisciplinary and interindustry
discussion and transfer of information. Prepared papers illustrated
theoretical as well as technical applications on the integrated theme
of the symposium. Within the marine structures area, such applications
were portrayed as being in the initial states and in need of focused
development to advance. Specific technical work requirements are being
finalized by the symposium steering committee.

In addition, the Materials Advisory Group (KAG) of the CMS
held a brainstorming session to identify thrust areas for future
research. They noted an existing common thread among the previous
reports and recommendations of pursuing the concept of fitness-for-
service where fracture-control concepts were used.

Five-Year Research Program Development

Eight thrust areas for future research were developed,
discussed, and agreed to by the CMS. They are reflected, where
appropriate in the project recommendations for FY 1985. The Loads
Advisory Group (LAG) of the CMS plans to hold a similar
thrust-development session in FY 1984. The eight thrust areas
identified by HAG are:

. .- .. ., . ... , . , , .N,, . ., ,. . . . ..



.-i

;7770 6

1 Marine materials Development
2 Fracture Analysis Methods
3 Fracture Performance - Small-Scale Test Interpretation
4 Use of Fatigue Data

5 Corrosion Protection for Marine Structures
6 Significance of Weld Defects

7 Inspections
8 Residual Life

Descriptions of these thrust areas as well as programmatic
recommendations follow.

Marine Materials Development I%.-

The SSC has a long history of sponsoring programs aimed at

developing a better understanding of materials for marine structural
applications. Over the years, these efforts have usually taken the
form of characterizing material behavior in a marine environment,
although composition, processing, and toughness mechanisms of a
potential new ship steel were evaluated in SSC project SR-1256. In
addition, fundamental property data, such as fatigue, fracture,
weldability, and corrosion behavior have been developed which have
provided valuable insight to designers, builders, and operators faced
with having to predict material performance. This overall effort has
assisted in improving the integrity and performance of marine
structures.

The primary intent of SSC materials programs has been to >

identify critical material application parameters to assure reliable
performance. In some cases, parameters unique to the marine industry
have required better definition. Currently, the CMS believes it
inappropriate for the SSC to develop new materials or material
processes because of the SSC's limited resources and the amount of
required effort. Rather, SSC should contribute to the establishment of
criteria for successful performance. These criteria could then serve
as goals for development programs performed by private industry. Each
material supplier would then be able to offer materials optimized with
regard to his unique production capabilities.

Recommendation - SSC material programs should continue
characterizing material behavior in the marine
environment to identify property requirements critical to
successful performance.

Fracture Analysis Methods

The SSC was established as a direct result of the World War II
70 ship fracture problems. For over 30 years, the SSC has undertaken

,merous efforts to study the problem of brittle fracture. An
outgrowth of these efforts has been a much better understanding of this
fundamental material and design relationship. This work has
demonstrated the importance of toughness and has assisted in the
development of vastly improved shipbuilding steels and fabrication
techniques.

2
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During the last 10 years, a better fundamental understanding
of the fracture process has extended the available analytical
techniques into the elastic-plastic region. These new methods are more
applicable to marine materials used in fixed offshore platforms and
pipelines. Specifically, the Crack Tip Opening Displacements (CTOD)
method has been widely utilized in Britain and Europe and is beginning
to be used in the United States as an important material parameter.
However, a similar U.S.-developed 'J' integral method has not had .-
widespread acceptance.

An effort should be made to determine if the CTOD, or 'J"
integral or any other method should be recommended for wider
utilization by the marine industry. It is also important that the
knowledge of of marine materials behavior be integrated into applicable
design methods.

Recommendation - Future SSC programs should be directed
toward establishing the technology for assuring reliable
application of materials, utilizing emerging
elastic-plastic analysis.

Fracture Performance - Small-Scale Test Interpretation

In general, the offshore and shipbuilding industries have
learned to design safe structures. Present design standards are
purposely kept simple and of broad applicability. The structure is not
necessarily unsafe when one aspect of a structural design does not meet
blanket design standards. Sometimes a more detailed assessment of the
particular application must be made before fitness-for-service can be
assured.

A major problem with the evolution of design standards is that
the true margin of safety is not usually well understood. In other
words, the real structural integrity may be quite different than
interpreted by mechanical property or individual component tests. Yet,
there is a continuing need to better evaluate structural performance,
particularly when the structure is found not to meet normal fabrication
standards or the in-service requirements are changed.

Fracture toughness evaluations have historically relied
heavily on Charpy test results. The past few decades also have seen
the introduction of other toughness measures, most of which have the
ultimate aim of preventing crack initiation. However, all of these
types are inadequate when one is trying to judge actual structural
performance. The primary objective of the fracture performance thrust
is not to change the basic test types, but rather to understand how the
results relate to in situ performance.

(a) Charpy Testing

The most popular approach to fracture control of structures is
the transition-temperature approach utilizing the Charpy V-Notch (CVN)
test. Other fracture-toughness tests are sometimes required for weld

3
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procedure qualification purposes, but the CVN test is the standard for
production control. It is easy to perform, inexpensive, and some users
suggest they know exactly what a CVN result means. For some
conventional steels, satisfactory experience has indicated that the CVN
is a reliable indicator of structural performance. Also, there are
empirical translations of CVN results into a contemporary toughness
measure (Kic). However, these relationships have much uncertainty
and are particularly questionable for newer steels with high initiation

.8 toughness.

Assuming the CVN test will remain the quality-control standard
for decades to come, the SSC could, through its research, enhance the
basis for understanding.

(b) Crack Tip Opening Displacement

A toughness measure gaining worldwide acceptance for
fitness-for-service analysis is crack tip opening displacement (CTOD).
The primary advantage of this parameter is that the entire temperature
transition curve may be evaluated. However, there are a number of
questions which arise when trying to relate the CTOD results to actual
structural performance. One question is how the results of the CTOD
tests are affected by starting crack depth or crack-to-width ratio. A
National Bureau of Standards' study notes that for shallow cracks or
thin sections, the restraint at the crack tip is likely to be
diminished to the point that the failure mode is net-section yielding
rather than fracture.

For welds there is particular interest in fracture performance
of the beat-affected zone (HAZ). Such zones are not homogeneous.
Therefore, there is interest in determining how the toughness varies
with notch orientation, distance from the fusion line, steel chemistry,
and welding parameters. Another question is the effect of residual
stress. All of these issues require experimentation for resolution.

(c) Crack Propagation and Arrest

It is difficult to control crack extension from isolated, N.
locally stressed or locally embrittled regions of the structure. The
low toughness values and high stresses associated with such regions
(e.g., arc strikes, hard spots, defective welds, and incorrectly
designed details) make it difficult to prevent the onset of crack
extension. In these cases, fracture safety can be achieved by assuring
that the cracks that begin to propagate in these regions (so-called
'pop-insw) are arrested and contained in the surrounding, higher
quality material, or by a strategically positioned crack arrester.
Examples of this concept are the high toughness gunwale and shear
strakes routinely installed at the corners of ship hulls and extra
tough material for joint cans in fixed offshore platforms.

One relevant material design parameter is the crack-arrest
toughness, Kia, which defines the combination of fastest running
crack length and stress level that must be exceeded for a crack to

4
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penetrate a structural member. About a decade has elapsed since the
problems of Kia measurement and arrester design were last examined by
the SSC. Since that time, crack-arrest technology has made substantial
strides although problems remain with respect to measurement and
application. It is noteworthy that a test method for measuring low and
intermediate values of KIa is close to standardization by the
American Society for Testing and Materials. Several promising
approaches for measuring the large Kia values associated with tough,

" arrester grade steels operating on the ductile shelf have been proposed

and are being evaluated. In addition, finite-element methods are
available for analyzing crack arrest accompanied by large-scale
yielding--the condition obtained in actual structures when a long crack

,. ..' is halted. For these reasons, the measurement of Kia values for
marine structural steels and the analysis of promising crack arrester
configurations have been identified as importat for future research.

Recommendation - SSC projects should contribute to the
be'-ter understanding of the relationship to structural
perrormance of the results of laboratory-type
quality-control toughness tests such as CVN, DWTT, DT,

"/ Kia, DW-NDT, and CTOD.

Use of Fatigue Data

Many fatigue data exist for idealized and simple test load
conditions. Two examples of such conditions are constant amplitude and
nominal uniaxial applied stress. Loadings rarely are of constant
amplitude and structural components subject to fatigue often have
complex geometries. The economics of experimental work are such that
full-scale testing of components under in-situ load conditions is often
impractical. Hence, there will always be high interest in
understanding the translation of simple test results to the real world
structural performance.

(a) Variable Amplitude Loading

In structural design, the normal assumption when faced with a I
variable load condition is that the Palmgren-Miner (P-M) rule is
valid. The rule assumes that the results are not affected by the order
of variable load application (i.e., no interaction occurs) and fatigue
damage is estimated by establishing the ratio of cycles (from a

constant amplitude S/N curve) at the same level and summing the various
ratios together. Failure is assumed to occur when the summation
reaches 1.0.

It has long been recognized by the technical community that

the P-M rule can be in error, particularly when there is a dramatic
change in stress amplitude from one cycle to the next. Crack growth
can accelerate or retard under certain conditions. However, the
question of interest with ships and offshore structures is how well the
P-M rule does under a random sea state condition. Recent or current
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studies in the United States (e.g., Florida Atlantic University) and
Europe (e.g., the Welding Institute) have begun to address the issue,
but there is clearly more to be done.

Recommendation - SSC programs should more specifically
$ identify the need and applicability for better definition

of variable amplitude fatigue performance.

(b) Biaxial Loading

Loadings in structural components are often more complex than
the uniaxial loading used in fatigue.

To use simple data in multiaxial stress situations, documents,
-/ such as the ASME Boiler and Pressure Vessel Code, use an equivalent
-'"- stress (range or amplitude), which is defined as the maximum shear

stress or maximum octahedral stress. However one area of weakness is
in defining an equivalent mean stress. The ASME code uses a uniaxial
mean stress correction. Estimating an equivalent mean stress by simply

%. summing the directional mean stresses also has been suggested, but this
latter approach obviously suffers loss of credibility when the stress
approaches yield stress in more than one direction.

Recommendation - SSC programs should more specifically
identify the need and applicability for better definition

.4.. of biaxial fatigue performance.

Corrosion Protection for Marine Structures

Corrosion protection for structures is a major factor in the
prevention of failure in a marine environment. Important economic
benefits could be realized if replacement of a structure is deferred
and its life extended through a better understanding of the application
and performance of corrosion protection systems.

Recommendation - SSC reviews should continue to follow
corrosion protection developments as an important aspect

N of structural integrity.

(a) Cathodic Protection

At the present time there are two types of cathodic protection
systems: I) galvanic anodes and 2) impressed current anodes. The
systems are explained in the National Association of Corrosion
Engineers' NACE RP-01-76 publication entitled 'Control of Corrosion on
Steel, Fixed Offshore Platforms Associated with Petroleum Production."
Galvanic anodes are the most commonly used method of protection in the
Gulf of Mexico, but the calculation of the protection required depends
on many variables. The principal factor governing the minimum current
density at which polarization necessary for complete cathodic
protection is achieved is the availability of oxygen at the submerged
surface. The NACE document provides typical design current densities

.6
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for regions of shallow or modest water depths in the Gulf of Mexico
which can be used for calculating the number of anodes necessary to
provide protection. Recent tests of various galvanic anodes have
revealed that the impressed current efficiency can vary depending on
the composition, quality, and application of the anodes.

(b) Cu/Ni Sheathing

The feasibility of using copper/nickel (Cu/Ni) sheathing on
ships was recently reported in a Society of Naval Architects and Marine
Engineers HS-9 project. Despite high initial costs, the use of this
material was concluded to be cost effective in the long term.
Continued development of this material/application will require
evaluation of: (1) non-destructive examination techniques for Cu/Ni
sheathed hulls to insure underlying steel integrity, (2) the effects of
weld defects, (3) the effects of sheathing pinholes, and (4) optimized
installation and repair procedures.

Offshore structure splash zone requirements also should be
considered. The splash zone interval on offshore platforms is
protected from accelerated corrosion attack with thick coatings.
Commonly used coatings are usually applied with one layer so that any
damage can be repaired with one 3imple step. It appears that the
splash zone would be an ideal place to use Cu/Ni sheathing. The use of
Cu/Ni on other areas of the platform are not usually recommended

because: (1) Cu/Ni sheathing on T-K-Y-shaped joints might hide defects~or cracks that are detrimental to structural integrity, and (2) Cu/Ni '

may interfere with the galvanic protection system normally used.

significance of weld Defects

During the last 30 years, fracture-analysis methods have 4,

become available to predict the behavior of crack-like defects found in
structures. These analytical techniques allow one to predict, with
only a modest degree of confidence, the seriousness of a defect
relative to the intended use of a component. With the use of . -
sophisticated analytical techniques, rational acceptance of defects in
marine structures can be accomplished. However, these analytical.

techniques must be corroborated by experimental tests. In addition,
the analytical techniques themselves must be refined and simplified so
that they can be used in design and in quality inspection plans.

The SSC has begun work on this long-range thrust area by
, instituting a project to determine the effect of porosity on marine

welds. It is intended to study other defects such as slag, undercut,
and lack of fusion.

Recommendation - SSC should continue to support studies
of the variety of significant weld defects and their f.

effects on a structure's fitness for service.

A 7
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Inspections .

The term win-process inspectionO refers specifically to
inspection techniques that are primarily used during the fabrication
process or soon thereafter. For example, in-process inspection can be
used to provide on-line monitoring of a welding process by recording
the relevant welding parameters or to assure fitness-for-purpose
condition of a welded structure by screening out all flaws that exceed
a specified standard. However, not all inspection techniques can be
used for in-process inspection.

As a result of research and development efforts by the
military and the nuclear power industries, a number of reliable
inspection techniques have been developed to address inspection
problems similar to those facing the marine and offshore industries.
The new inspection techniques include non-contact ultrasonics, which is
potentially capable of functioning at elevated temperatures, and
real-time radiography. In addition, off-the-shelf process parameter -

monitoring instrumentation, now widely available, may be used to
control process parameters in a closed-loop manner and to make a
permanent record of the actual values. In particular, efforts have
been initiated to develop quantitative techniques for estimating the
dimensions and other flaw characteristics relevant to
fitness-for-purpose validation of weld quality. Many of these
techniques offer the possiblity of high inspection rates that may be
economically compatible with high-deposition-rate welding processes.

In contrast to in-process inspection techniques, which can be
* . specified in advance, in-service inspection techniques must often be

adapted to the physical condition of an existing structure. As a
result, reliable validation of the fitness for continued use of
existing marine structures and vessels poses an entirely different

* range of problems and technical challenges than in-process inspection
to fitness-for-purpose standards.

In many cases, accessibility to critical areas is severely
limited by conditions that can be easily overcome in new construction.
For example, inspections may have to be carried out at substantial
water depths, in adverse weather conditions, and in the presence of
barnacles or surface coatings that were not present when the structure
or vessel was under construction. Ir such cases, a need exists for
highly specialized instrumentation and, equally important, realistic
inspection standards that properly take into account the true
requirements for indicating significant flaws. Currently, most
inspection techniques are not capable of providing estimates of true

'4. flaw sizes and other parameters that may influence the remaining life.

_.r. Recommendation - SSC reviews should maintain a current
awareness of the in-process construction and in-service
inspection technologies that are in use in related

%,"
industries with emphasis on potential usefulness in
marine applications.

F8
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Residual Life

It may be possible to use the inspection finding to help
calibrate the original design procedure. For example, the American
Petroleum Institute contracted with Professor P. H. Wirsching ..
(University of Arizona, Tucson) to develop a format for fatigue
reliability. However, like the Munse approach developed at the
University of Illinois, it needs calibration if it is to be used.
Wirsching developed two approaches to calibration but, unfortunately,
there is insufficient information about the structure and inspection
findings to perform the calibration.

Where fatigue is concerned there is a related question
concerning the lack of evidence of cracking. One might ask, OWhat is
the probability of getting a failure before the next inspection, given
that cracking was not found at the previous inspection?" This is a
Bayesian probabilistic updating question although there is concern
about uncertainty introduced by potential inspector error.

If cracking is found, it is important to determine why it
occurred. It is also important to assess the impact of the crack on
continued structural performance.

Recommendation - SSC should establish a program to
determine how to make effective use of inspection
findings which includes consideration of risk analysis
and impact of cracks on structural performance. *.

Five-Year Research Program Plan

Based on the identification of the thrust areas for future

research, the CMS has realigned a portion of the five-year research
plan to mesh it with the appropriate thrust area. The realigned
portion consists of three, out of seven, major goal areas: Materials
Criteria, Fabrication Techniques, and Reliability. The CMS now
recognizes that they pertain to both ships and offshore platforms.
This commitment to offshore platforms is in itself a future thrust area
and adds a second dimension to the scope of responsibility of both the
HAG and LAG. The resulting portion of the realigned five-year research
program is outlined below and followed in the five-year plan:

MATERIALS CRITERIA (Thrust Area 1)

Properties

Fracture (Thrust Areas 2 and 3)
Fatigue (Thrust Area 4)
Corrosion (Thrust Area 5)

Applications

Coatings
Arctic material

. .9
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FABRICATION TECHNIQUES

Welding

Underwater welding -*-

High input heat

Inspection (Thrust Area 7)

Effects of defects (Thrust Area 6)

RELIABILITY

Inspection ii

Findings (Thrust Area 8) r- w

Risk and Reliability

The five-year research planning program depicted in Table I
builds on current activities and places them in perspective with
contemplated work in various project areas during the next four years.

The program is classified under the following seven goal
areas* of the SSC: '"

Advanced Concepts and Long-Range Planning
Loads Criteria
Response Criteria
Materials Criteria

Fabrication Techniques
Reliability
Design Methods

* These goals were accepted and approved by the SSC in PY 1972,-
with the directive that all their future research plans, beginning ...
with FY 1973, be based upon them.
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FISCAL YEAR 1985 PROJECT PCOMMENDATIONS

Table II lists the projects proposed for the FY 1985 program
in priority order. This list is based on the composite judgment of 0
the CMS members who considered, among other things, the
recommendations of their advisory groups; the applicability of the
projects to the SSC research program in terms of needs, immediacy, - -
program continuity, and likelihood of successful and meaningful

completion, the importance of the project to marine structures; the
project's potential for significant results; and that the work was not 0
being done elsewhere. Descriptions for each of these projects follow
Table II in the same priority order.

TABLE II -- RECOMMENDED PROJECTS FOR FY 1985

PRIORITY PROJECT TITLE PAGE

85-1 Ice Loads and Ship Response to Ice -
Second Season 26

85-2 Marine Structural Steel Toughness -0
Data Bank 27

85-3 Application of Reliability Methods to
Analysis and Design of Marine
Structures 28

85-4 Analysis of Wave Characteristics in

Extreme Seas 29

85-5 Ship Hull Strain Rates Confirmation 30

85-6 Ship Vibration Design Guide 31

* 85-7 Relation of Inspection Findings to Fatigue
Reliability 32

85-8 Threshold Corrosion Fatigue of Welded

Marine Steels 34

. 85-9 Fatigue Performance under Variable
Amplitude Loading 36

85-10 Tank Testing of Models in Extreme Waves 38

" 85-11 Copper/Nickel (CuNi) Sheathing 39

85-12 Compare Pressure Distribution

" Measurements in Oblique and Head Seas 40
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ICE LOADS AND SHIP REPONSE TO CMS PRIORITY 1

ICE - SECOND SEASON

Introduction

Full-scale measurements of local ice pressures were made
. onboard the USCG icebreaker POLAR SEA in 1982 operating in the Chukchi
" "Sea.
- Strain measurements were made on a 12-meter-square stiffened

portion of hull plating in the bow region of the ship utilizing a

60-channel digital data acquisition system. Strain-gauge calibration
. was carried out statically using tensioning devices to laterally load

the instrumented area at discrete locations on the inside of the
hull. A finite-element model was used to estimate the anticipated
strains based on predicted ice pressures of 20 kg/cm 2 for
unconstrained crushing and 5 kg/cm

2 for flexural strength.

Field measurements were carried out in multi-year ice with
thicknesses up to 15 m. Single panel pressures, as high as 110
kg/cm2, were encountered.

The opportunity exists to gather a second year of data using

the existing equipment installed onboard the POLAR SEA. The ice
characteristics and grain structure are highly variable from year to
year and depend on various factors including temperature and
salinity. A second season of data would provide a larger data base
and greatly enhance the assessment of the variability.

To ensure the quality of data generated, it would be prudent
to recalibrate the strain measuring devices. This also would provide
greater confidence in the data already processed since some of the

pressures measured were much higher than anticipated.

,. Recommendation

Pursue the efforts on defining ice loads and ship response to

ice by:

o Recalibrating the strain measuring devices on the POLAR
SEA, and

o Gathering such data as are available next season.

.26
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MARINE STRUCTURAL STEEL CMS PRIORITY 2
TOUGHNESS DATA BANK ]
Introduction

A recent examination of fracture-control practices for fixed
offshore structures sponsored by the SSC* draws attention to the
dearth of fracture-mechanics toughness data. There is a need for
measures of fracture toughness that reflect: (1) the possible flaw
locations (i.e., the base plate, weldment, or HAZ), (2) the geometric
features of the full-scale structure (e.g., section size, thickness),
(3) service temperatures and loading rates, as well as the variations
in (4) the heat-to-heat chemistry and processing, and (5) the welding
conditions. The nature of the initiation event, e.g., a stationary
crack versus a dynamic pop-in, must be considered. Since the minimum
toughnesss requirements are normally specified in terms of CVN
properties, the correlation between the CVN-values and the
fracture-toughness measurements also must be defined. Much of this
large body4 of toughness data remains to be assembled and systematized.

Recommendat ion

Assemble a data bank of existing fracture-toughness values
for structural steels meeting marine requirements both as a convenient
source of design data and as a means of identifying the data gaps by:

o Compiling "valid" or wbounding' measures of such fracture
toughness parameters as Kic, Kia, JIc, COD and the R-
and J- resistance curve as well as descriptions of the
statistical variations of these quantities,

o Correlating between fracture-mechanics toughness values and
CVN properties for individual steels and weldments, and

o Encompassing base plate, weldments, and the HAZ in
thicknesses up to 10 cm.

*SR-1288, F~racture Control for Fixed offshore Structures,*
* Failure Analysis Associates, Palo Alto, California.

27
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APPLICATION OF RELIABILITY METHODS TO CMS PRIORITY 3
ANALYSIS AND DESIGN OF MARINE STRUCTURES

Introduction

Statistical techniques for characterizing stationary sea
states and linear vessel response are well established in marine
structural design. Recent developments in probabilistic design theory
provide the mathematics for incorporating other sources of uncertainty
in a framework which produces estimates of risk or probability of
failure in a structure or component thereof. A reliability approach
has the promise of providing better engineered designs (i.e., higher
reliability and/or lower cost), but there are hazards.

There are several reasons why risk estimates should not be
taken too literally: (1) There is always a question of the
appropriate form of the statistical model. (2) Questions of the
inadequacy of the data base will always be present. (3) The physical
problem is often oversimplified to make the mathematics tractible.
(4) Major sources of uncertainty are not always included in the
problem. (These may include modeling errors or gross errors). (e)
Errors are often introduced by linearization and approximation
techniques.

In summary, reliability methods provide researchers and
designers of marine structures with a powerful tool. However, there
is a danger of misuse of this tool if the mathematics and hazards of
risk analysis are not understood. Therefore, there is a need to
provide a tutorial level summary of the state of the art in structural
reliability theory directed specifically towards the marine industry.

*Because this is a timely and complex subject, the tutorial
-: text should be supplemented by a seminar. In addition to overcoming

the entry threshold, which often discourages technical people from
using reliability methods, presentation to an audience will help to
clarify and refine the textual material.

Recommendation

Develop a document which provides a tutorial review of
reliability methods, their application to marine structures, and
potential pitfalls.

Present an educational seminar (1 week) for designers and
researchers in the marine structures field, which like the document:

0 Reviews basic theory with emphasis on marine applications,
and

o Addresses caveats and shortcomings of classical theory in
practical engineering applications.

E .Refine and publish the text as a manual for future reference
in SSC-related work.

28
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ANALYSIS OF WAVE CHARACTERISTICS CMS PRIORITY 4
IN EXTREME SEAS

Introduction

The present methods of simulating waves in the test tank and
on the computer are based on the sea surface being normally
distributed. In addition, linear structural analysis schemes are well
suited to such wave input information inasmuch as the output is in the
same Gaussian terms. These facts mean that extensive experimental
understanding, computer software, and analytical competence exist in -
the profession in the use of Gaussian descriptions of the wave . -

phenomena. On the other hand, there is evidence from the report
'-: SSC-320*, and other sources, that extreme waves exist and that their

occurrence and characteristics may not be predicted by the Gaussian
simulations. Of even greater importance is the evidence that these
extreme waves produce significant damage to vessels.

The design of fixed offshore structures already considers
extreme waves having such nonlinear characteristics as elevated crests
and nonlinear drag forces. If substantiated, these critical concerns

- can warrant extensive changes in design and simulation procedures.

Recommendation

Pursue the analysis of wave characteristics in extreme seas

-by:

o Developing further the techniques for identifying the special

characteristics of extreme waves from storm records, and

o Developing alternative statistical or deterministic wave
treatments which can be utilized expediently in testing,
simulation, and analysis schemes.

SSC-320, 'A Study of Extreme Waves and Their Effects
on ship Structure," Buckley, W. H., Ship Structure Committee, 1983. .

I... ..
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SHIP HULL STRAIN RATES CONFIRMATION CMS PRIORITY 5

Introduction
0

Since the measurement of toughness of ship steels varies with

strain rates, it is necessary to define the range of strain rates
encountered by ships in service. This information would then allow
designers to evaluate the conservatism of the steel testing techniques . -

that are used to classify ship steel toughness.
In a recently completed feasibility study, SSC-317*, the

evaluation of existing data from shipboard stress instrumentation
programs indicated that it is feasible to obtain strain-rate
information within the frequency limitations of the data acquisition
techniques employed.

The preliminary estimates of strain rates from existing data
indicate that ship service experience produced strain rates up to
10-3 cm/cm/sec. CVN information is based on a strain rate of 10
cm/cm/sec., and fracture-mechanics testing is at 10- 5 cm/cm/sec.
Crack initiation is of primary interest here rather than crack
propagation or arrest.

The results of a thorough analysis should permit a valid
evaluation of ship steel toughness of strain rates imposed by:

o Ship service,

0 Charpy testing, and
o Fracture mechanics testing.

These data would be useful to determine whether current
toughness test requirements are conservative, and to unify service and

testing based upon strain rate.

Recommendation

Confirm the preliminary ship hull strain rate estimate of
10- 3 cm/cm/sec by:

o Processing selected SL-7 analog and digital full-scale
ship response data to obtain, analyze, and correlate these
strain-rate data with ship speed, heading, loading, and
encountered wave conditions, and

o Performing probabilistic analyses to establish the

distribution of strain rates for various sea states.

6

5. A%

30

SLe



SHIP VIBRATION DESIGN GUIDE CMS PRIORITY 6

Introduction

Vibration imposes a serious fatigue loading on ship
structures as well as introducing an objectionable environment for
personnel, machinery, and equipment. A number of recently built
vessels have performed well in this regard and experienced minimum .

vibration as a result of engineering efforts from the earliest stages
of design. However, there is no guide to this procedure available in
general to design offices. This design guide would set forth a
rational approach to the avoidance of deleterious vibration in the
design stages of new ships. It would briefly define the basics of
vibration and delineate state-of-the-art procedures, information, and
experience for minimizing vibration. It would also include procedures
and information which are of changing nature and need further
development of modification before being integrated into a
state-of-the-art design procedure.

Emphasis should be placed on preliminary design and detail
design of the structure vis-a-vis details of propulsion, machinery,
and mechanical systems design, but point out the areas where interface
to such machinery design is needed. -

Recommendation

Prepare a ship vibration design guide showing the most recent
techniques, procedures, and empirical rules for use by practicing
naval architects and structural engineers in the design cycle.

• SSC-317, "Determination of the Range of Shipboard Strain Rates,'
Giannotti, J. G., and Stambaugh, K. A., Ship Structure
Committee, 1982.

31
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RELATION OF INSPECTION FINDINGS CMS PRIORITY 7
TO FATIGUE RELIABILITY

Introduction

There is an increasing trend toward ship/platform

inspections, whether due to the mere spread of regulatory controls,
experience with failures, increasing severity of service conditions,

.- concern about structures extended beyond their design service lives,
or all of these reasons collectively. Ship and platform operators, as
well as regulatory bodies, have a keen interest in optimizing safety
and economy. Inspections are expensive. Hence, there is strong
incentive in using the inspection findings to the best advantage.

Design procedures have varied over the years, both in
sophistication and accuracy of inputs such as environmental loadings
and fatigue capacity data*. Yet, less sophistication does not
necessarily mean that the structures are less safe since design
procedures are not always well calibrated to actual performance. Any
inspection finding, good or bad, is potentially valuable in modifying
procedures for future designs. However, there are a number of logical
questions regarding how to use the results for future operational
decisions regarding the specific structure inspected. For example,
one might ask, 'What is the fatigue reliability for future service?'
or, 'When should the next inspection occur to have an acceptably low
probability of fatigue failure in the interim?"

Answers to the above types of questions are more difficult in
the instance where no evidence of cracking is found. However, even in
the instance where cracks are found, there is additional uncertainty

in the cause of cracking and the value of repair, but they are being
repaired.

Recommendation

Develop a probabilistic approach for incorporating inspection
findings into future operational decisions by:

o Synthesizing any schemes available in the literature

(perhaps used by other industries),

o Updating fatigue reliability for ships and platforms in
light of inspection findings, and

o Developing a reliability-based inspection intended for
both ships and platforms and reflecting inspection
findings.

|K"- * SSC-318, 'Fatigue Characterization of Fabricated Ship
Details for Design,' Munse, W. H., et al., Ship Structure
Committee, 1982.

32
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Questions to be addressed are:

- How can the probabilities be treated in the relative
sense, perhaps with respect to the (implicit) initial
design assumption?

How should the potential of inspector error (related to
ease of inspection) and the sensitivity of the inspection
technique be taken into account?

- How does the definition of fatigue failure used make a
difference?

- How should past and future loading conditions which vary
from those envisioned in design be included?

- How does the extent of inspection (i.e., number of details
inspected) affect the probabilistic statement for the
structure as a whole?

- How can the potential of (still hidden) fabrication or
installation (originated) cracks be incorporated into an
assessment of future in-service performance?

33
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,'iTHRESHOLD CORROSION FATIGUE OF WELDED CMS PRIORITY 8
., MARINE STEELS

~Introduction

' Fatigue is one of the primary modes of failure in offshore

Vd .

="°structures. The design of offshore structures has primarily relied on
.- classical fatigue data obtained from S-N testing. These data,
["combined with analysis and operating experience, have resulted in
~reasonably good performance. However, with more novel offshore
,[. .structure designs which contain more complex load paths, the material

requirements may limit the usefulness of the classical fatigue design
,'.'.'-"approach. To help overcome the lack of long-term corrosion fatigue
~data, the SSC initiated a three-year study* directed at obtaining data

on marine materials.
The information from this study, which is now being

~disseminated, is of value for all future designs. However, the study
"'[?- has indicated the need for additional basic design data.

..' 'Specifically, the use of the fracture-mechanics fatigue-crack-growth
'.-- analyses requires fundamental information about how materials behave..

,."--" in the threshold region in a marine environment. Threshold crack -
growth, which is in the low-growth, high-cycle, low-load regime of

[-,. fatigue testing, is really of the most value for designers. This
i,.[oregion of fatigue crack growth is analogous to endurance-limit
t[?-behavior using the S-N approach to fatigue. These data are difficult
. to obtain in an ideal environment such as air because of the
"-"sensitivity required of the measurement techniques. Data gathering

-.

~difficulty is compounded in corrosion fatigue because one has to
°... provide accurate crack measurements for long-term periods in the
[ .[[!corrosive environment of sea water. Therefore, a significant effort
!i! must be expended to develop methods to determine low crack-growth-rate

data in sea water.
Once an experimental technique is developed, it is

~anticipated that various fatigue-crack-growth variables in sea water,
z.: such as temperature, oxygen content, and cathodic polarization, will

be explored. This basic information must be obtained for the steels

. proposed for future designs. Ultimately, after the base metal
[ [[ crack-growth-rate characteristics are determined, studies on the weld

!-: and the weld heat-affected zone should be determined. This

information will allow a more reliable design and allow accurate
residual life assessments of offshore structures, both proposed and

='. -'.currently in use.

-I SSC Project SR-1276, Long-Term Corrosion Fatigue of Welded marine
claSteels," Southwest Research Institute.
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Recommendation

Initiate determination of threshold corrosion fatigue
characteristics of welded mar ine steels by:

o Developing test techniques having high reliability over
extended test durations in a sea-water environment to

4obtain low growth rate fatigue-crack-growth data, and

0 Demonstrating validity of test techniques by obtaining
basic threshold value crack-growth data on a
representative marine steel base metal, including the
influence of environmental and loading variables.
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FATIGUE PERFORMANCE UNDER VARIABLE CMS PRIORITY 9

AMPLITUDE LOADING

Introduction 7.

Ships and offshore structures are often subjected to loadings
which vary in amplitude over time. Yet, fatigue capacity data of
plain or welded details usually come from constant amplitude tests.
To use such data, whether of the fracture mechanics or S/N curve type,
designers normally assume that the Palmgren-Miner (P-M) rule is
valid. The rule assumes that the results are not affected by the -
order of variable amplitude application (i.e., no interaction).
Hence, the damage or crack growth from various cycles can be treated
as independent and simply summed together to determine when failure
should occur.

It has long been recognized that the P-M rule can be in
error, particularly when there are dramatic changes in stress
amplitude from one cycle to the next. Crack growth can accelerate or
retard under certain conditions. However, the question of interest
with ships and offshore structures is how accurate the P-M rule is
under random sea state conditions.

The aircraft industry has had an interest in random fatigue
for several decades. The highway bridge people have also funded
random fatigue tests since the early 1970s. Offshore-related studies
are somewhat newer with some of the initial efforts being made in the
United Kindom. At present, there are substantial offshore, variable
amplitude test programs in the United Kingdom, United States, Germany,
and Japan.

Recommendation

Develop a strategy for variable amplitude fatigue
investigation by preparing a state-of-the-art review for:

o Establishing a bibliography of worldwide references with
particular emphasis on recent and ongoing work,

o Identifying typical loading spectra,

o Assessing the results and any disagreements, and

o Defining a list of research needs in priority order.

The references should include analytical as well as experimental
information. The environmental conditions should include air and sea
water with various levels of cathodic protection. Questions to be .k9
addressed are:

36.36 :}
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Do different materials such as steel and aluminum have
similar P-M characteristics?

- Are welded details apt to perform differently than plain S

material?

- How are the results affected by the definition of
failure?

- Is there a different answer for an initiation-dominated 0

detail than for a propagation-dominated one?

- Is block length important in testing?

- Does clipping the extreme but rare peaks make a difference? '-

- What is the spectrum bandwidth at which supposedly narrow
band results converge on wide band ones?

- Is it necessary to test a long-term stress history, or
would the performance under one sea state be
representative of most others?

How does the fatigue limit or crack-growth threshold
affect the answer?

37
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TANK TESTING OF MODELS IN EXTREME WAVES CMS PRIORITY 10

Int roduction

SSC-320, *A Study of Extreme Waves and Their Effects on Ship

Structure' by W. H. Buckley, showed how extreme waves play a
significant role in ship casualties. Extreme waves also influence and
sometimes govern the design of offshore platforms. These waves may
have nonlinear characteristics, such as elevated crests.

Recent work at the U.S. Naval Academy has demonstrated the
ability to develop at least one type of episodic wave and to analyze
the resulting ship motions.

Project SR-1304 is anticipated to review strategies for
evaluating nonlinear analysis of marine structures under random
loading, and provide a rationale for interpreting the response
extremes on a consistent reliability basis.

Nonlinear response is usually associated with extreme waves,
either due to velocity-squared drag forces in local loadings, or to
step-wise changes associated with such events as slamming and green
water on deck. These latter events, and how they combine with other

*wave-induced stresses, are sensitive to the particular time-series
character of extreme waves and wave groups.

Recommendation

Contribute to the research regarding extreme waves by:

" Developing test strategies and criteria for evaluating the
results (e.g., scaling laws), appropriate for the
nonlinearities involved,

-P

o Developing and demonstrating test tank techniques for
creating large, steep, elevated waves and wave groups
having specific time domain characteristics at the model,
and

o Demonstrating these techniques by testing a model in

conditions representing incidents of severe slamming or
green water.

38
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COPPER/NICKEL SHEATHING CMS PRIORITY 11

Introduction

The SNAME Panel HS-9 has completed an economic* analysis of
applications of copper/nickel (Cu/Ni) sheathing on vessel hulls.

The results of that study show that in spite of a) high
" initial costs of installing Cu/Ni sheathing to an existing hull, b)

higher insurance rates, and c) higher repair costs, the freight rate
for Cu/Ni sheathed vessels is substantially lower than for two other "
hull protective coating systems. The SNAME panel reported that
because of the superior antifouling quality of Cu/Ni sheathing, hull

. resistance did not increase during the lifetime of the vessel and
therefore no speed loss was experienced; or conversely, no increase in

. shaft horsepower (fuel consumption) was required to maintain speed.
Also, less frequent drydocking was required.

- Recommendation

Pursue the application of this material by:

o Evaluating nondestructive examination methods for welds in
Cu/Ni sheathed hulls. Panel-to-panel and panel-to-hull

-" welds should be considered. In addition, hull welds

beneath Cu/Ni sheathing panels and hull thickness gaging
should be addressed.

o Evaluating the effects of weld discontinuities in
panel-to-panel and panel-to-hull welds. In addition,

evaluate consequences of nondiscovery of weld

discontinuities in hull welds beneath Cu/Ni panels.

o Evaluating the effects of pinholes or defects in the Cu/Ni
sheath panels, including detection and corrosion rates.

I%

*'Cu/Ni Sheathing of Ship Hulls: Technology and Economy,* SNAME,
March 1983.
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COMPARE PRESSURE DISTRIBUTION CMS PRIORITY 12

MEASUREMENTS IN OBLIQUE AND READ SEAS

Int roduction

Full-scale pressure distribution measurements have been made

on the M/V CORT in both head and oblique seas. Whether or not hull
pressures are more critical in the head sea or oblique sea condition
is important in the assessment of hull loads and germane to the
pursuit of model testing programs and computer simulation programs.
The present, but temporary, existence of a model of the M/V CORT
suggests that a comparison of these measurements be made promptly to
assess the importance of conducting oblique wave model tests.

While many SSC programs deal primarily with sea loads imposed
on the hull girder, knowledge of pressures on the hull surface is also 2
needed to determine the required strength of local structures to
withstand maximum anticipated pressures at sea. Three recent
projects, two by SSC and one by ABS, have been concerned with model,
full-scale, and computed results of the Great Lakes self-unloader
STEWART J. CORT, and, model and computed results for the SL-7 class
containership SEALAND McLEAN.

Models for both vessels were tested in head seas only for a
variety of speeds and wave lengths to measure pressures at various
locations over the hull and to measure the separate components of
pressure. Full-scale pressure measurements for the STEWART J. CORT
not only included head sea conditions, but 13 data runs at a 450
heading to the waves, three in beam seas, and four in the following
seas.

The ABS compared their ship-motion computer program results
with selected head-sea run conditions, and concluded that the
correlation of theoretical calculations of motion and pressures with
both model-test and full-scale measurements is very encouraging.
However, further correlation with obl'que sea running conditions can
not be made until the computer program is expanded to accommodate
oblique sea conditions.

06. Recommendation

Establish whether hull pressures are more critical in the
head sea or oblique sea conditions by:

o Using the existing full-scale test results for the M/V
CORT, compare head wave with oblique wave performance,

o Determining the relative criticality of head seas versus

oblique seas on hull pressures based on these full-scale
test results, and

0 Recommending whether or not future model tests in oblique
seas would be desirable.

**
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REVIEW OF ACTIVE AND PENDING PROJECTS

o-..

This section of the report covers current projects funded
with FY 1983 (or earlier) funds, others that have been continued with
FY 1984 funds, and those which are anticipated to be supported with FY
1984 funds. These projects, listed in Table III, constitute the
current program. The majority of projects are for one year's
duration; multiyear projects are funded incrementally on an annual
basis. .

Project descriptions, including the project number and title,
the name of the principal investigator and organization (where
determined), and a brief statement of the objective of each project is
given. These are followed by a short description of the present
status of the project.

TABLE III-- REVIEW OF ACTIVE AND PENDING PROJECTS " '

NUMBER PROJECT TITLE PAGE

SR-1277, 'Advanced Method for Ship Motion and Wave-Load
PredictionsO . ........... ...................... .. 42

SR-1283, 'Performance of Underwater Weldments ... ........... . 43
SR-1284, "Liquid Slosh Loading in Cargo Tanks' . ..... .......... .44
SR-1287, 'Joint Occurrence of Environmental Disturbances' ........ .45
SR-1290, 'Ship Fracture Mechanisms Investigation' ... .......... .46
SR-1291, 'Ice Loads and Ship Response to Ice' .... ............ .47
SR-1292, 'Ship Structural Detail Design Guide' .... ........... .. 48
SR-1293, 'Guide for Shipboard Vibration Control' . ... ......... .49
SR-1297, 'Fatigue Prediction Analysis Validation from the SL-7

Hatch-Corner Strain Data' ........ ................ .50
SR-1298, 'Fatigue Characterization of Fabricated Ship

Details - Phase II' ......... .................... .51
SR-1300, 'Development of a Generalized Onboard Response

Monitoring System" ..... ................... 51
SR-1301, 'Structural Behavior After Fatigue' ..... ............ .51
SR-1302, "Steels for Marine Structures in Arctic Environments* . . 52
SR-1303, 'Development of an Onboard Strain Recorder" 52
SR-1304, 'Strategies for Nonlinear Analysis of Marine

Structures and Criteria for Evaluating the Results" . 53
SR-1305, 'Influence of Weld Porosity on the Integrity of Marine

Structures' .......... ....................... .53
SR-1306, 'Corrosion Experience Data Requirements' .... .......... 54
SR-1307, 'Hydrodynamic Hull Damping - Phase I* ........... 54""

....
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PROJECT NO: SR-1277
PROJECT TITLE: ADVANCED METHOD FOR SHIP MOTION AND

WAVE-LOAD PREDICTIONS

INVESTIGATOR: Mr. J. C. Oliver
CONTRACTOR: Giannotti and Associates, Inc., Annapolis, MD

OBJECTIVE

The objective of the study is to develop a method and

appropriate computer program for predicting ship motions and
distributed wave loads, taking into account the hull form shape above
and below the still water line, including the three-dimensional
hydrodynamic coefficients.

STATUS

A draft final report has been revised and is being reviewed.
The suggested title for the report is, "A Time-Domain Method for Ship
Motion and Wave-Load Prediction.'

TECHNICAL ADVISORS

Dr. 0. H. Oakley, Jr., Gulf Research & Development Company, Houston, TX

Prof. N. A. Hamlin, Webb Institute of Naval Architecture, Glen Cove, NY
Prof. W. H. C. Maxwell, University of Illinois, Urbana, IL
Dr. W. R. Porter, State University of New York, Maritime College, .5

Bronx, NY--.
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PROJECT NO: SR-1283
PROJECT TITLE: PERFORMANCE OF UNDERWATER WELDMENTS
INVESTIGATOR: Mr. E. B. Norris
CONTRACTOR: Southwest Research Institute, San Antonio, TX S

OBJECTIVE

The objectives of the proposed research are to gather data on

the mechanical properties of wet and wet-backed underwater weldments
and to provide guidelines relating these properties to design
performance.

STATUS

Mechanical testing is proceeding on 19 ferritic grooved weld

specimens, 3 fillet weld specimens, and the 3 all-welded specimens,
using 0.36 (with ferritic electrode) and 0.46 (with austinetic

electrode) carbon-equivalent steel plate in half and one-inch
thicknesses, for the 0- and 9.9-meter depths. Presently, the 19
groove welds have successfully passed the transverse weld tensile
test, but five have had some problems in passing the 6T (6 plate
thicknesses) bend test. Problems have been encountered with the
fabrication of wet welds using a nickel alloy filler rod at depths of .-

19.8 and 29.7 meters.

TECHNICAL ADVISORS

Prof. D. L. Olson, Colorado School of Mines, Golden, CO
Mr. C. E. Grubbs, D&W Underwater Welding Services, Inc., Slaughter, LA
Dr. S. Ibarra, Gulf Science & Technology Company, Pittsburgh, PA
Mr. E. L. Von Rosenberg, Exxon Production Research Company, Houston, TX

...
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PROJECT NO: SR-1284
PROJECT TITLE: LIQUID SLOSH LOADING IN CARGO TANKS
INVESTIGATOR: Prof. N. A. Hamlin
CONTRACTOR: Webb Institute of Naval Architecture, Glen Cove,

NY

OBJECTIVE

The objective of this study is to determine sloshing loads on
the boundaries, swash bulkheads, and internal framing of partially - ei
filled tanks of various proportions for liquids of specific gravities
ranging from 0.4 to 1.8 and typical enroute service viscosities.

STATUS

A phase I report is being drafted that will summarize the
survey of full-scale experience and cases where sloshing has been a
problem with internally stiffened tanks, as well as the
characteristics of liquid cargo carried. Two typical ship designs
will be recommended as representing ships with internally stiffened
tanks which may have problems from sloshing, and the details of the
tank internal structure will be described. More important will be the
description of the test program to be considered before commencing
with phase II.

TECHNICAL ADVISORS

Mr. C. W. Coward, Newport News Shipbuilding and Dry Dock t-A
Company, Newport News, VA

Prof. R. F. Beck, University of Michigan, Ann Arbor, MI
Dr. J. P. Hackett, Ingalls Shipbuilding, Pascagoula, MS
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PROJECT NO: SR-1287
PROJECT TITLE: JOINT OCCURRENCE OF ENVIRONMENTAL DISTURBANCES
INVESTIGATOR: Mrs. S. L. Bales
CONTRACTOR: David Taylor Naval Ship Research and Development

Center, Carderock, MD -

OBJECTIVE
'Io.

The objective is to develop a method and a representative ',

data bank, useful for design, that identifies the simultaneous
occurrence of winds and directional wave spectra.

STATUS

A draft final report is being prepared.

TECHNICAL ADVISORS

Prof. M. K. Ochi, University of Florida, Gainesville, FL
Dr. D. Hoffman, Hoffman Maritime Consultants, Glen Head, NY
Dr. 0. H. Oakley, Jr., Gulf Research & Development Company, Houston, TX
Mr. David Price, National Oceanic and Atmospheric Administration,

Rockville, MD
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PROJECT NO: SR-1290
PROJECT TITLE: SHIP FRACTURE MECHANISMS INVESTIGATION

INVESTIGATOR: Dr. J. G. Giannotti
CONTRACTOR: Giannotti & Associates, Inc., Annapolis, MD -

OBJECTIVE

The objectives of this study are to examine current and
future ship fractures over a period of years, to examine past ship
fractures in the light of present understanding, and to catalog and
assess the types of fractures that occur in ship structures.

STATUS

A literature review is nearing completion while simultaneous
efforts are being put forth to obtain failure experience service data
from ship owners, ship operators, and ship repair yards. The majority
of ship operators contacted do not analyze the ship fractures in
technical terms; their main concerns have been primarily on quick
repair of fractures to minimize time out of service. A checklist to
aid in preparations for the examination of future fractures includes
information such as required contacts for access, equipment required
for the examination, and the information to obtain from the
examination. This document is in letter form to send to ship owners
and ship repair yards, at their request, to inform them of their
possible involvement in the investigation.

TECHNICAL ADVISORS

Dr. E. J. Ripling, Materials Research Lab, Inc., Glenwood, IL
Dr. Richard Bicicchi, Sun Refinery and Marketing Company,

Marcus Hook, PA

-77

,.4.6

I--

, - .- J ,4 . 1" _ n ' % .' - . ., . " " -"." "- - - " " " "• . ... ... " " V -. ..



7. W.

PROJECT NO: SR-1291
PROJECT TITLE: ICE LOADS AND SHIP RESPONSE TO ICE
INVESTIGATOR: Mr. J. W. St. John
CONTRACTOR: ARCTEC, Incorporated, Columbia, MD

OBJECTIVE

The objective of this project is to measure ice pressure
through the measurement of structural deflections of selected portions

of the hull plating on the U.S. Coast Guard icebreaker POLAR SEA to
develop ice load and response criteria for various types of ice.

STATUS

The 1982 winter season of full-scale ship performance data,
and ice pressures recorded on an instrumented panel, 390 cm long by
320 cm high, located in a forward ballast tank on the port side of the
U.S. Coast Guard ice breaker POLAR SEA, are being analyzed and
correlated with finite-element program results. In the meanwhile, the
opportunity exists to gather a second season of data that would
provide a larger data base for assessment of the variability of sea
ice conditions. A recommendation to continue gathering these
full-scale data is contained in this report as recommendation 85-1.

TECHNICAL ADVISORS

VDr. J. E. Coldberg, Lafayette, IN
Prof. C. B. Brown, University of Washington, Seattle, WA
Dr. J. G. Giannotti, Giannotti & Associates, Inc., Annapolis, MD
Prof. J. P. Murtha, University of Illinois, Urbana, IL
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PROJECT NO: SR-1292
PROJECT TITLE: SHIP STRUCTURAL DETAIL DESIGN GUIDE

INVESTIGATOR: Mr. C. R. Jordan
CONTRACTOR: Newport News Shipbuilding and Dry Dock

Company, Newport News, VA

OBJECTIVE

The objective of this study is to develop a design guide for

structural details that will assist designers in the selection of
sound, cost-effective details.

. 9

STATUS

Service experience data have come primarily from SSC reports I
from which an analysis indicates 6,856 failures occurred among 607,584

details for a rate of 1.13 percent. Of these fractures, 4,050
involved cracking and the remainder buckling. The most interesting
result is that naval ships had a failure rate of only 0.14 percent,
almost an order of magnitude less. Fabrication man-hours will be
determined for a number of the details to aid the designer in
selecting the most cost-effective details. The above failures
occurred in 634 different configurations that were assigned to 56
family groups and 12 families. Eventually, these families will be
examined and diagrams developed to ensure the designer that the
elements selected reflect all possible failure modes of the actual
structure.

TECHNICAL ADVISORS

Mr. 0. H. Oakley, Consultant, McLean, VA
Dr. John Christodoulides, John J. McMullen, Arlington, VA
Mr. R. R. Kraft, Jr., Bethlehem Steel Corporation, Beaumont, TX

48.
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PROJECT NO: SR-1293
PROJECT TITLE: GUIDE FOR SHIPBOARD VIBRATION CONTROL
INVESTIGATOR: Mr. E. F. Noonan
CONTRACTOR: NKF Engineering Associates, Inc., Vienna, VA

OBJECTIVE

The objective of this project is to develop a
vibration-control guide which will serve as a useful tool in the hands
of ship operators, shipyards, and others who must deal with ship
vibration problems but who have limited knowledge and experience in
the field.

°. STATUS

Work is progressing on drafting the chapters for the
following guide outline:

Introduction
Terms, Definitions, Vibration Fundamentals
Introduction to Ship Vibration - Excitation and Response
Scope and Field of Application
Reference Documents
Methods of Measuring and Reporting Shipboard Vibration
Criteria of Acceptable Levels of Vibration
Vibration Evaluation - Corrective Action

Typical Examples

The title will be 'A Practical Guide for Shipboard Vibration
Control and Attenuation.' 2''

TECHNICAL ADVISORS

Dr. B. L. Silverstein, Tracor-Hydronautics, Laurel, MD
Mr. R. A. Babcock, General Dynamics, Quincy, MA

;-....r
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PROJECT NO: SR-1297
PROJECT TITLE: FATIGUE PREDICTION ANALYSIS VALIDATION FROM THE

SL-7 HATCH-CORNER STRAIN DATA
INVESTIGATOR: Drs. Y. K. Chen and J. W. Chiou
CONTRACTOR: American Bureau of Shipping, New York, NY 14

OBJECTIVE

The objective of this project is to compare SL-7 hatch-corner
fatigue cracking experience with theoretical fatigue calculations.

STATUS

Considerable time and effort was devoted to verify data since
about two-thirds were for wrong gages, and others had incorrect
calibration factors supplied. Further, only 1,762 recorded intervals
instead of 2,600 were useable because some of the intervals recorded o-
on the SEALAND McLEAN did not have the original calibration factors on
the analog tapes and other intervals did not have the corresponding
sea state numbers indicated in the log book. Work is now proceeding
to reduce the data and present the results.

TECHNICAL ADVISORS

Mr. J. E. Steele, Consultant, Quakertown, PA
Mr. J. W. Boylston, Giannotti & Associates, Inc., Annapolis, MD
Prof. H. W. Liu, Syracuse University, Syracuse, NY
Prof. W. H. Munse, University of Illinois, Urbana, IL
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PROJECT NO: SR-1298
PROJECT TITLE: FATIGUE CHARACTERIZATION OF FABRICATED SHIP

DETAILS -- PHASE II

INVESTIGATOR: Unknown
CONTRACTOR: Unknown

OBJECTIVE

The objective of this project is to examine, analyze, and

test more structural details and determine their influence on fatigue,
which will ultimately lead to analytical procedures to evaluate and

select fabricated ship details.

STATUS

Proposals have been evaluated and contract negotiations are
underway.

PROJECT NO: SR-1300
PROJECT TITLE: DEVELOPMENT OF A GENERALIZED ONBOARD

RESPONSE MONITORING SYSTEM
INVESTIGATOR: Unknown
CONTRACTOR: Unknown

OBJECTIVE

The objectives of this project are to develop a generalized
operations-oriented stress and motion monitoring system, and implement
it on board three different types of vessels.

STATUS

A proposal request is being prepared.

PROJECT NO: SR-1301
PROJECT TITLE: STRUCTURAL BEHAVIOR AFTER FATIGUE
INVESTIGATOR: Unknown
CONTRACTOR: Unknown

OBJECTIVE

The objective of this study is to determine whether or not
fatigue damage is produced in ship plates by cyclic loading below
yield strengths prior to the occurrence of readily visible cracks.

STATUS

A proposal request is being prepared.
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PROJECT NO: SR-1302
PROJECT TITLE: STEELS FOR MARINE STRUCTURES IN ARCTIC

ENVIRONMENTS
INVESTIGATOR: Mr. R. E. Johnson
CONTRACTOR: David Taylor Naval Ship Research and Development

Center, Carderock, MD

OBJECTIVE

The objective of this project is to review the service
experience on steel usage in nonmarine cold weather applications to
evaluate the usefulness of these steels for marine structures in an
arctic environment.

STATUS

Efforts have begun to initiate a survey, review literature,
and evaluate reports and service experiences, including limitation N.
caveats, for steels employed or designated for use in arctic
structures. The following topics are among those being considered in
this effort: purchase specifications; actual mechanical properties
and thicknesses with particular emphasis on fracture and fatigue;
environmental conditions; fabrication procedures; criteria for
existing configurations and loading of structures; and inspection and
maintenance schedules.

TECHNICAL ADVISOR
Mr. Robert E. Somers, Welding Consultant, Hellertown, PA

PROJECT NO: SR-1303
PROJECT TITLE: DEVELOPMENT OF AN ONBOARD STRAIN RECORDER
INVESTIGATOR: Unknown
CONTRACTOR: Unknown

OBJECTIVE

The objective of this project is to develop a self-contained
onboard strain processing and recording instrument that will make use
of state-of-the-art electronics to provide more useful engineering
data than has been possible in the past.

STATUS

A proposal request is being prepared.
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PROJECT NO: SR-1304
PROJECT TITLE: STRATEGIES FOR NONLINEAR ANALYSIS OF MARINE

STRUCTURES AND CRITERIA FOR EVALUATING THE
RESULTS

INVESTIGATOR: Unknown
CONTRACTOR: Unknown

OBJECTIVE

The objective of this project is to review the available
strategies for performing and evaluating nonlinear analysis of marine

- structures under random loading and provide a rationale for selecting
among them with particular emphasis on how to interpret the response
extremes on a consistent reliability basis.

A,

STATUS

A proposal request is being prepared.

PROJECT NO: SR-1305
PROJECT TITLE: INFLUENCE OF WELD POROSITY ON THE INTEGRITY

OF MARINE STRUCTURES

INVESTIGATOR: Unknown
CONTRACTOR: Unknown

a....

OBJECTIVE

The objective of this project Is to obtain a better
understanding of the dependence of the integrity of marine structures
on weld porosity.

STATUS

A proposal request is being prepared.
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PROJECT NO: SR-1306
PROJECT TITLE: CORROSION EXPERIENCE DATA REQUIREMENTS
INVESTIGATOR: Unknown
CONTRACTOR: Unknown @1

OBJECTIVE

The objectives of this project are to define corrosion data
requirements and data gathering methodology for a new survey upon
which to eventually base a more rational approach for corrosion
margins.

STATUS

A proposal request is being prepared.

PROJECT NO: SR-1307
PROJECT TITLE: HYDRODYNAMIC HULL DAMPING - PHASE I
INVESTIGATOR: Unknown
CONTRACTOR: Unknown

OBJECTIVE , -
..4

The objective of this project is to prepare a program for the
development and validation of procedures for estimating the
longitudinal distribution of energy dissipation (damping) associated
with the principal flexural or "beam' modes of ship hull vibration.

STATUS

A proposal request is being prepared.
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REVIEW OF COMPLETED PROJECTS

The projects completed since the last annual report are
listed below. Project descriptions similar to those for the active
program follow. Reports from these projects (except for SR-1295) have
either been published or are in publication. The final SSC reports
can be expected in the near future and will be available from the
National Technical Information Service, Springfield, Virginia 22314.

NUMBER PROJECT TITLE PAGE

SR-1256, Investigation of Steels for Improved Weldability in
Ship Construction* 56

SR-1276, 'Long-Term Corrosion Fatigue of Welded Marine Steels" 57

SR-1288, Fracture Control for Fixed Offshore Structures" 58

SR-1289, 'Structural Inspection Guidelines' 59

SR-1294, *Calculation Aids for Predicting Grounded Ship
Responsesw 60

SR-1295, "Full-Scale Slam Instrumentation and Wavemeter Data
Collection" 60

SR-1299, "Design-Inspection-Redundancy Symposium/Workshop' 61
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PROJECT NO: SR-1256
PROJECT TITLE: INVESTIGATION OF STEELS FOR IMPROVED

WELDABILITY IN SHIP CONSTRUCTION
INVESTIGATOR: Dr. L. F. Porter

- CONTRACTOR: U.S. Steel Corporation, Monroeville, PA

OBJECTIVE

The objective of this multi-year study is to select the
optimum materials and welding parameters to improve resistance to

-..* degradation of the heat-affected-zone (HAZ) properties in weldments
made with high-deposition rate processes.

RESULTS

A steel containing (by weight percent) 0.10 to 0.12 carbon,
1.3 to 1.6 manganese, 0.3 silicon, 0.03 aluminum, 0.006 to 0.015
titanium with low sulpher ( <0.005), nitrogen ( <0.006), and residuals
(copper + nickel + chromium + molybdynum <0.1) has shown excellent
toughness in the HAZ of high-heat-input welds (400 kilojoules per cm
electro slag welding) (with high CVN energy >70 joules at -170C),
and an average base plate yield strength of 280 to 340 mega Pascals.
Additional strengthening can be achieved without loss of HAZ toughness
by control rolling and accelerated cooling.

TECHNICAL ADVISORS

Dr. H. I. McHenry, National Bureau of Standards, Boulder, CO
Prof. T. W. Eagar, Massachusetts Institute of Technology, Cambridge, MA
Dr. M. Korchynsky, Union Carbide Corporation, Pittsburgh, PA
Dr. J. L. Mihelich, Climax Molybdenum Company, Ann Arbor, MI
Dr. J. C. Baker, Bethlehem Steel Corporation, Bethlehem, PA
Prof. D. L. Olson, Colorado School of Mines, Golden, CO
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PROJECT NO: SR-1276
PROJECT TITLE: LONG-TERM CORROSION FATIGUE OF WELDED

MARINE STEELS
INVESTIGATOR: Dr. 0. H. Burnside
CONTRACTOR: Southwest Research Institute, San Antonio, TX

OBJECTIVE

The objective of the research is to define and evaluate
available technology for assessing the long-term corrosion fatigue
behavior of welded joints in sea water, and to develop a plan for
long-term future efforts, if required.

RESULTS

Mathematical models were formulated which quantified the *

important environmental and loading variables on fatigue crack
initiation and propagation in the high- and low-cycle life regimes.
The initiation model utilized the local stress-strain approach with a
modified Neuber rule. The propagation model used fracture mechanics
with the stress-intensity factor computed using the Green's function
approach and the uncracked stress state at the toe of the weld. A
three-component crack-growth equation was used to relate crack
propagation to stress-intensity-factor changes in the three commonly
observed regimes of growth. Both the initiation and growth models
included the effects of weld toe geometry, joint geometry, plate
thickness, and mode of loading. In addition, broad areas of research
have been identified which would allow more reliable design and
residual-life assessments of marine structures to be made.

TECHNICAL ADVISORS
a..

Mr. P. W. Marshall, Shell Oil Company, Houston, TX
Dr. R. D. Glasfeld, General Dynamics, Quincy, MA
Prof. P. H. Wirsching, University of Arizona, Tucson, AZ

N,
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PROJECT NO: SR-1288
PROJECT TITLE: FRACTURE CONTROL FOR FIXED OFFSHORE STRUCTURES " -

INVESTIGATOR: Dr. Jerrell M. Thomas
CONTRACTOR: Failure Analysis Associates, Palo Alto, CA

OBJECTIVE

The objective of this study is to examine critically the

technology and practices that constitute the fracture-control plans
used by designers, builders, and operators of fixed offshore
structures.

RESULTS

The elements of fracture control were identified as
materials, design, construction, operation, and inspection.
Cost-effective improvements with use of existing technology and
promising areas of technical research have been identified. The
survey also revealed that the more advanced fracture-control methods
used in the U.S. offshore industry closely parallel those used by
other high-technology industries such as aerospace, and, in some
cases, sophistication of the best methods used considerably surpasses
analysis requirements of typical codes used in several other
industries (e.g., nuclear power). A fracture-control checklist is now
available as an example of an unstructured, yet responsive,
fracture-control plan.

TECHNICAL ADVISORS

Mr. D. A. Sarno, ARMCO Inc., Middletown, OH
Dr. J. D. Burke, Shell Oil Company, Houston, TX
Prof. S. T. Rolfe, Univesity of Kansas, Lawrence, KS
Dr. C. P. Royer, Exxon Production Research Company, Houston, TX
Dr. A. K. Shoemaker, U.S. Steel Corporation, Monroeville, PA
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PROJECT NO: SR-1289
PROJECT TITLE: STRUCTURAL INSPECTION GUIDELINES
INVESTIGATOR: Mr. N. S. Basar
CONTRACTOR: M. Rosenblatt & Son, Inc., New York, NY

OBJECTIVE

The objective of this study is to develop a guide that will
set forth a coherent philosophy toward structural inspection for
marine people involved in designing, building, accepting, and
operating ships.

RESULTS

An inspection guide, with documented support, has been
prepared for ship structures from the initiation of the design process
to the end of the vessel's useful service life. It contains, among
other topics, basic design considerations that affect structural
integrity of ships; methods and procedures for conducting structural
inspections during construction of the vessel and during its service
life; recommended recording, reporting, and analysis techniques for
evaluating inspection results; references to tolerances and acceptable
levels for misalignment of various structures; and recommended
corrective action for typical deficiencies or deviations.

TECHNICAL ADVISORS

Mr. C. B. Walburn, Bethlehem Steel Corporation, Sparrows Point, MD
Dr. C. M. Fortunko, National Bureau of Standards, Boulder, CO
Mr. P. W. Marshall, Shell Oil Company, Houston, TX

,'.

.4 59
<.



. PROJECT NO: SR-1294
PROJECT TITLE: CALCULATION AIDS FOR PREDICTING GROUNDED SHIP

RESPONSES
INVESTIGATOR: Mr. J. D. Porricelli
CONTRACTOR: Engineering Computer Optecnomics, Inc.,

Annapolis, MD

OBJECTIVE

The objective of this project is the development of
specifications for calculation aids for the assessment of damage,
stability, and survivability of grounded vessels.

RESULTS

Various analytical techniques have been developed and can be
accommodated within any number of existing portable computers with
self-contained sources of power. Basic hydrostatic data can be
determined from minimal ship data for the full load condition and at
ship drafts which vary significantly from that for the full load
condition at a level of acceptable accuracy for salvage purposes.
While these aids will provide better insight to the nature of the
problem and strengthen the development of a salvage strategy, they are
not a substitute for knowledge and experience in marine salvage.

TECHNICAL ADVISORS

Prof. R. G. Davis, Texas A&M University, Galveston, TX
Mr. R. Frederick, SMIT American Salvage, Inc., New York, NY
Mr. R. V. Danielson, Timonium, MD
Capt. H. J. Spicer, Mobil Shipping and Transportation, New York, NY

PROJECT NO: SR-1295
PROJECT TITLE: FULL-SCALE SLAM INSTRUMENTATION AND WAVEMETER

DATA COLLECTION
INVESTIGATOR: Unknown
CONTRACTOR: Unknown

OBJECTIVE

The objective of this project is to instrument a particular i
vessel with the intent to correlate the recorded slam data with model
and analytical predictions for this particular vessel.

STATUS

Proposals were evaluated, but their costs far exceeded
available funding, and the project has been canceled.

60
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PROJECT NO: SR-1299
PROJECT TITLE: DESIGN-INSPECTION-REDUNDANCY SYMPOSIUM/

WORKSHOP
INVESTIGATOR: SR-1299 Steering Committee
CONTRACTOR: National Academy of Sciences, Washington, DC

OBJECTIVE

The objectives of this symposium/workshop are to examine the
emerging technologies of ultimate strength and failure mode analyses
as applicable to marine structure systems, to delineate the most
pressing problems, and to develop a detailed work plan.

RESULTS

A three-day symposium followed by a two-day workshop was held
in Williamsburg, Virginia, November 14-18, 1983. The symposium
consisted of the formal presentation of 23 invited technical papers;
all presentations were followed by discussions, some of which were
extensive.

Two stages of research workshop sessions were organized; the
first stage consisted of five groups organized following the last five
sessions of the symposium, whereas the second stage consisted of three
working groups along three disciplinary areas. In both stages,
suggestions and recommendations for research were developed and
reported by each working group. On the basis of the working groups'
suggestions, the Steering Committee has formulated and developed its
set of recommendations.

.- STEERING COMMITTEE

--. Prof. A. H-S. Ang, Chairman, University of Illinois, Urbana, IL
Prof. Douglas Faulkner, The University of Glasgow, Glasgow, Scotland
Mr. P. W. Marshall, Shell Oil Company, Houston, TX
Prof. Robert Plunkett, University of Minnesota, Minneapolis, MN
Prof. Masanobu Shinozuka, Columbia University, New York, NY
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APPENDIX

ORGANIZATIONAL AND ADMINISTRATIVE MATTERS

Establishment of Committees

Since 1946, the National Research Council's Committee on
Marine Structures (CMS) and its predecessors have been rendering
technical services to the interagency Ship Structure Committee (SSC) in
developing a continuing research program, sponsored by the SSC and
funded collectively by its member agencies, to determine how marine
structures can be improved for greater safety and better performance
without adverse economic effect.

The SSC was established in 1946 upon recommendation of a Board

of Investigation, convened by order of the Secretary of the Navy, to
inquire into the design and methods of construction of welded steel
merchant vessels. As that investigation was brought to a close, .

several unfinished studies and a list of worthy items for future
investigation remained. The Board of Investigation recommended that a
continuing organization be established to formulate and coordinate
research in matters pertaining to ship structure. Figure 1 shows the
relationship of the various organizational entities involved in the
work of the SSC. .

Membership and Responsibilities

The SSC, composed of one senior official from each of the
following organizations: the U.S. Coast Guard, the Naval Sea Systems
Command, the Maritime Administration, the American Bureau of Shipping,
the Military Sealift Command, and the Minerals Management Service,
formulates policy, approves program plans, and provides financial
support through its member agencies for the research program.

The Ship Structure Subcommittee (SSSC), composed of a maximum ..

of four representatives from each agency, meet periodically to assure
achievement of program goals and to evaluate the results of research "'".
projects in terms of structural design, inspection, construction, and
operation.

The CMS and its two advisory groups, the Materials Advisory

Group (MAG) and the Loads Advisory Group (LAG), are composed of

selected members from academic, governmental, and industrial sources
for their competence and experience in relevant areas. They serve as

individuals contributing personal knowledge and judgment, and not as
representatives of organizations where they are employed or with which
they are associated. Their responsibilities are to provide technical
planning, review, and advisory relationships on the SSC's research
program covering the general fields of materials, loading, response,
design, fabrication, and inspection as related to marine structures.
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United States Naval Sea Maritime American Military Minerals
Coast Guard System Administration Bureau of Sealift Management

Camand Shipping Command Service

Sponsoring Agencies

,a ]Interagency

~~SHIP STRUCTURE COMII"IEE

NationalOperattons

National Research Council Society of Naval Architects and
-. Coriission on Engineering Marine Engineers

and Technical Systems Naval Sea Welding Research Council
Marine Board SystemCori~nd International Ship Structures CongressS CAmerican Iron and Steel Institute

COMITTEE ON ARINE STRUCTU S (Technical) U. S. Coast Guard Academy
U. S. Merchant Marine Academy
U. S. Naval Academy

Loads Advisory Materials U.S. Coast Guard State University of New York
Group Advisory Group Maritime College

(Legal) Comittee on Marine Structures
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FIGURE 1. SHIP STRUCTURE COMMITTEE ORGANIZATION CHART
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Research Program Development

Each organization represented on the SSC annually presents

its perceived needs for near-term and long-range research efforts.
Beginning in 1976, an annual joint meeting of members of the

CMS, the cognizant committees of the Society of Naval Architects and
Marine Engineers, and the SSSC has been held to review these
suggestions.

At a subsequent meeting, the CMS carefully considers these
suggestions, those generated within the CMS and its advisory groups,
those not funded from the prior year, and those obtained from any
other sources.

At the fall meeting of the SSC, the CMS presents its
considerations of the above suggestions and obtains the degree of
mutual interest of the member agencies.

Project Development

The CMS advisory groups convene to review in detail the
status of the ongoing projects, the CMS suggestions for new work, and
the five-year research program plan. Then, members, either

individually or in small task forces, prepare the initial descriptions
of projects to be recommended.

A second meeting is convened for each advisory group to
review the draft descriptions of the recommended new work, place them
in a priority order, and develop the five-year research program in its .L.N

respective area of competence. Each group also prepares a brief
overview of the technical scope of its portion of the program, and
reviews and puts in final form drafts of the status reports on active,
pending, and completed projects. I

The CMS receives these documents and finalizes, as necessary,
all work and ranks projects for the preparation of this annual report.

The SSC determines which projects will be supported.

Project Initiation and Review

Requests for Proposals (RFPS) are prepared and issued through r

the cooperative effort of the Naval Sea Systems Command, which
provides technical contract administrative support services, and the
U.S. Coast Guard (USCG), which handles the actual business of
contracting. The RFPs are sent to research laboratories,
universities, shipyards, and other organizations and are advertised in
the Commerce Business Daily. Organizations interested in doing the
work-advertised submit proposals and cost estimates to the USCG
contracting office.

The SSSC appoints a Project Technical Committee (PTC) to
evaluate proposals and monitor the project. This committee generally
consists of individuals from the SSSC, SSSC liaisons, or other agency ..:personnel. In addition, the CMS chairman engages one or two members

from the cognizant advisory group, the CMS, or other experts in the
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field as technical advisors to provide clarification on technical
issues and to maintain CMS' current awareness.

The SSSC sends its proposal evaluation recommendations to the
USCG contracting officer, who, following routine procurement
practices, then awards a contract.

After a contract has been awarded, the PTC meets periodically
with the contractor (investigator) to review the project status.

Dissemination of SSC Research Information

The contractors prepare reports upon completion of a coherent

series of tests or discrete unit of work, upon a major change of
course in a project, upon a significant discovery, or upon termination
of a project, that are reviewed by the PTC. Normally, the SSC
publishes such reports to fulfill its mission of disseminating the
results of research pertaining to marine structures. In addition, the
SSC encourages the investigators to prepare papers for presentation
before professional society meetings or for submission to technical
journals.

To foster the use of the published information, the SSC
distributes the reports to individuals and agencies associated with
and interested in its work. The availability of these reports is also
noted by the National Technical Information Service (NTIS) and in
various marine and naval architecture journals. Further, over 100
leaders and officers of the marine structure community receive
personal copies directly from the SSC chairman.
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'S'
THE NATIONAL ACADD(Y OF SCIDICES in a private, honorary

organization of more than 900 scientists and engineers elected on the
basis of outstandinq contributions to knowledge. Established by a
Congressional Act of Incorporation signed by Abraham Lincoln on March
3, 1863, and supported by private and public funds, the Academy works
to further science and its use for the general welfare by bringing

together the moat qualified individuals to deal with scientific and
technological problems of broad significance.

Under the terms of its Congressional charter, the Academy Is

also called upon to act as an official - yet independent - advisor to
the Federal Government in any matter of science and technology. This

* .provision accounts for the close ties that have always existed between
* , the Academy and the Government, although the Academy is not a

governmental agency and Its activities are not limited to those on
behalf of the Government.

THE NATIONAL ACADDEY OF ENGlNU ERING was established on
December 5, 1964. On that date, the Council of the National Academy

Articles of Organization bringing the National Academy of Engineering

into being, independent and autonomous in its organization and the
election of its members, and closely coordinated with the National
Academy of Sciences in its advisory activities. The two Academies
join in the furtherance of science and engineering and share the
responsibility of advising the Federal Government, upon request, on

* any subject of science or technology.

THE NATIONAL RESEARtCH COUNCIL was established in 1916, at the
request of President Woodrow Wilson, by the National Academy of
Sciences to associate the broad community of science and technology
with the Academy's purposes of furthering knowledge and of advising
the federal government. The Council operates in accordance with
general policies determined by the Academy by authority of its
Congressional charter of 1863, which establishes the Academy as a
private, non-profit, self-governing membership corporation.
Administered jointly by the National Academy of Sciences, the National
Academy of Engineering, and the Institute of Medicine (all three of
which operate under the charter of the National Academy of Sciences),
the Council is their principal agency for the conduct of their
services to the government, the public, and the scientific and
engineering communities.

Supported by private and public contributions, grants, and
contracts, and voluntary contributions of time and effort by several
thousand of the nation's leading scientists and engineers, the
Academies and their Research Council thus work to serve the national
interest, to foster the sound development of science and engineering,

%. and to promote their affective application for the benefit of society.

THE CD MISSIOQ ON ENGINEERING AND TECHNICAL SYSTUS is one of
the major components of the National Research Council and has general
responsibility for and cognizance over those program areas concerned
with the development and application of the engineering disciplines to

*..- 0 technological and Industrial systems, and their relationship to
problems of both national and international significance.

* T TE MARINE BOAUD is an operating unit of the Cmmiesion on

4.E ngineering and Technical Systems of the National Research Council.
The Board addresses issues of current and continuing iortance to the
government and the nation in ocean resources and maritime
transporation developmenti coastal, port and harbor, and inland
waterway uset support of sciencet and national and international
cooperation and information exchange.
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MARINE BOARD PUBLICATIONS

Documents indicated by *,D or PB numbers can be purchased from thp National
Technical Information Service (NTIS) 5285 Port Royal Road, Springfield, VA
2216: for more information call (703) 487-4780. Those reports with ISBN

numbers are available from the National Academy Press, 2101 Constitution
Avenue, N.W., Washington, DC 20418, (202) 334-3113. All other reports are
available from the Marine Board, 2101 Constitution Avenue, N.W., Washington,
DC 20418, (202) 334-3119.

Measuring ocean Waves, Proceedings of a Symposium and Workshop on
Wave-Measurement Technology, 1982, 248 pp., ADA 123971

Proceedings (,f the Future Maritime Leaders' Seminar, 1982, 74 pp.,

available fi:om the Marine Board

Critcal Tssues in Maritnme Transportation, 1982, 26 pp., ADA 120744

Marine Calvage in the United States, 1982, 141 pp., ADA 119851

Understanding the Arctic Sea Floor for Engineering Purposes, 1982,

141 pp., ADA 119773

Technologies for Measurerent While Drilling, 1982, 183 pp., PB 82243858

Use of the Ocean for Man's Wastes, Engineering and Scientific Aspects,

1982, 300 pp., ADA 11358

Productivity Improvements in U.S. Naval Shipbuilding, 1982, 87 pp.,

ADA 123958

Recommendations for the Interagency Ship Structure Committee's Fiscal

1984 Research Program, 1983, 94 pp., ADA 126893

Ship Operation Research and Development: A Program for Industry, 1983,
63 pp., ADA 135682.

Report of the Comittee to Assess the Computer Aided Operations
Research Facility, 1933, 23 pp., ADA 135601

Navy Long-Range Deep Ocean Technology, 1983, 184 pp., available from the
Marine Board

O Safety Information and Management on the Outer Continental Shelf, 1983,
available fron NTIS in early 1984.

Drilling Discharges in the Marine Environment, 1933k, 180 pp.,
ISBN 0-309-03431-0

Criteria for the Depths of Dredged Navigational Channels, 1983, 137 pp.,

ADA 135628

Ship Collisions with Bridges: The Nature of the Accidents, Their
Prevention and Mitigation, 1983, 131 pp., NDA 135602
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